N-terminal stathmin-like peptides bind tubulin and impede microtubule assembly.
Microtubules are major cytoskeletal components involved in numerous cellular functions such as mitosis, cell motility, or intracellular traffic. These cylindrical polymers of alphabeta-tubulin assemble in a closely regulated dynamic manner. We have shown that the stathmin family proteins sequester tubulin in a nonpolymerizable ternary complex, through their stathmin-like domains (SLD) and thus contribute to the regulation of microtubule dynamics. We demonstrate here that short peptides derived from the N-terminal part of SLDs impede tubulin polymerization with various efficiencies and that phosphorylation of the most potent of these peptides reduces its efficiency as in full-length stathmin. To understand the mechanism of action of these peptides, we undertook a NMR-based structural analysis of the peptide-tubulin interaction with the most efficient peptide (I19L). Our results show that, while disordered when free in solution, I19L folds into a beta-hairpin upon binding to tubulin. We further identified, by means of saturation transfer difference NMR, hydrophobic residues located on the beta2-strand of I19L that are involved in its tubulin binding. These structural data were used together with tubulin atomic coordinates from the tubulin/RB3-SLD crystal structure to model the I19L/tubulin interaction. The model agrees with I19L acting through an autonomous tubulin capping capability to impede tubulin polymerization and provides information to help understand the variation of efficiency against tubulin polymerization among the peptides tested. Altogether these results enlighten the mechanism of tubulin sequestration by SLDs, while they pave the way for the development of protein-based compounds aimed at interfering with tubulin polymerization.